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METHOD FOR AUTOMATIC DETECTION
OF THE DATA RATE IN A NETWORK,
PARTICULARLY A CAN BUS TYPE
NETWORK, AND FOR CONFIGURATION TO
THE DETECTED DATA RATE,
CORRESPONDING DEVICE

The invention relates to the domain of communication
networks.

More precisely, the mvention relates to a method for
automatic detection of the data rate 1n a network using a
device connected to the network and for configuration of the
device to the detected data rate. The imnvention also relates to
the device implementing this method.

The 1nvention 1s particularly but not exclusively appli-
cable to the case 1n which the network 1s of the CAN bus
type network.

As an 1llustration and for simplification purposes, we will
now present the technmique according to prior art and its
disadvantages 1n the above mentioned case 1 which the
network 1s of the CAN bus type network.

Remember that a CAN (Controller Area Network) bus 1s
a serial bus that connects several devices called *“control
units” each comprising a CAN controller. This type of bus
1s used nowadays mainly in imndustry and 1n the automotive
field.

Typically, two CAN buses are used 1n a car. One 1s called
the high data rate CAN bus (up to 1 Mb/s) and 1s used to
interconnect control units for the following elements or
functions: dashboard, engine, braking (anti-locking), active
suspension, transmission, etc. The other, called the low data
rate CAN bus (up to 125 kb/s) 1s used to interconnect control
units for the following elements or functions: dashboard,
lighting, air conditioning, inflatable safety cushions, door
locking, electrical windows, etc.

Each CAN bus uses a protocol with the same name (CAN
protocol) that 1s a serial communication protocol that sup-
ports real time systems with a high level of reliability 1n a
limited and severe environment such as a factory, a work-
shop, a car, etc. The CAN protocol covers two of the seven
layers of the ISO’s OSI open systems interconnection
model, namely the physical layer (layer 1) and the data link
layer (layer 2). Refer to ISO standard 11898, inserted here by
reference, for further information about the CAN bus.

The data link layer of the CAN protocol 1s such that each
control unit can send and receive data. Data are transierred
on the bus 1n the form of asynchronous packets (also called
frames or messages) with a defined format but a variable and
limited length. As soon as the bus is free, any control unit
connected to the bus can send a new packet. An interruption
mechanism for the highest priornity packets 1s provided
together with a mechanism for arbitration of contlicts result-
ing from the simultaneous emission of several packets on the
bus when 1t 1s free.

Traditionally, when 1t 1s required to connect a new control
unit (in other words a new device including a CAN con-
troller that executes an application (layer 7 of the OSI
model)) to a CAN bus, the following procedure 1s used. The
developer of the application executed by the CAN controller
must know the clock frequency of the CAN controller (for
example 12 MHz). The network data rate also has to be one
of a limited number of values (usually three values), for
example 100, 250 or 500 kb/s. For each of the three assumed
values of the network data rate, he determines a data rate
configuration for the CAN controller a prior1 using knowl-
edge of the clock frequency of the CAN controller. He then
develops the application such that during operation, the
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application loads a first data rate configuration associated
with a first assumed value of the network data rate; i1f the
application receives error messages, it loads a second data
rate configuration associated with a second assumed value of
the network data rate; and so on, so as to test the various
predetermined data rate configurations (if necessary).

One disadvantage of the known technique mentioned
above 1s that 1t cannot be used 1n situations 1n which clock
frequency of the CAN controller 1s not known.

Another disadvantage of the known technique described
above 1s that 1t will not work if none of the assumptions
about the network data rate i1s correct.

Yet another disadvantage of the known technique men-
tioned above 1s that the CAN controller genuinely disturbs
the CAN bus when several possible data rate configurations
are tested 1n sequence. This can even cause ejection of the
CAN controller from the CAN bus.

In particular, the purpose of the mnvention is to overcome
these various disadvantages according to prior art.

More precisely, one of the purposes of this invention is to
provide a method and a device for automatic detection of the
network data rate and for configuration at the detected data
rate, not requiring any knowledge of the clock frequency of
the device or any assumptions about the network data rate.

Another purpose of the mvention i1s to provide such a
method and a device that do not disturb the network.

Another purpose of the mvention i1s to provide such a
method and a device that are easy and inexpensive to
implement.

These various purposes and others that will appear later,
are achieved according to the invention using a method for
automatic detection of the network data rate and for con-
figuration at the detected data rate by a device connected to
the network, this method including:

an 1mtialisation phase including the following steps:

the device 1s put into listening mode, 1 which 1t can
receive messages Irom the network but it cannot
send messages on the network;

the device 1s iitialised with an 1nitial data rate con-
figuration;

a first timeout 1s started:

an 1terative processing phase, comprising the following

steps for each iteration:

if at least one data rate adaptation condition 1s satisfied,
the 1terative processing phase 1s interrupted, the

current data rate configuration 1s validated and the
device 1s put mto normal mode;

if at least one data rate non-adaptation condition 1s
satisfied or if the first timeout elapses without a data
rate adaptation condition or a data rate non-adapta-
tion condition being satisfied, the first timeout 1s
reimitialised and the current data rate configuration 1s
replaced by a new data rate configuration obtained
by using a mechanmism for obtaining several possible
data rate configurations without knowledge of a
clock frequency 1, of the device and without any
assumption about the network data rate.

Therefore the general principle of the invention consists
of using a listening mode in which the network 1s not
disturbed, to test several data rate configurations obtained
without knowing the clock frequency of the device and
without any assumption about the network data rate.

Advantageously, the said at least one data rate non-
adaptation condition is detection by the device of an error
called a bit error on at least one bit of a message received by
the device.
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Advantageously, the said at least one data rate adaptation
condition 1s acknowledgement of a received message by the
device.
Preferably, the said mechanism can be used to obtain all
possible data rate configurations of the device one aiter the
other.
According to one advantageous characteristic, the initiali-
sation phase also comprises a step to start a second timeout,
and the 1terative processing phase also comprises a step to
interrupt the method for each iteration, 11 the second timeout
expires without a current data rate configuration being
validated.
In one advantageous embodiment of the invention, the
network 1s a CAN bus and the device comprises a CAN
controller that 1s an extension of a classical CAN controller
so that the method according to the invention for automatic
detection of the network data rate and for configuration to
the detected data rate can be implemented.
Each of the bits included 1n a message has a nominal time,
for example defined by the following parameters:
a scalar BRP, such that TQ=BRP/1,, where TQ 1s a time
quantum and 1, 1s the clock frequency of the device;

the length [, of a propagation segment designed to
compensate for the physical delay on the CAN bus,
expressed as a number of time quanta TQ);

the lengths L,,,o; and L,,., expressed as a number of

time quanta TQ, of first and second phase segments
used to position a sampling point.

In this case, the said mechanism advantageously deter-
mines values for the scalar BRP and the lengths L., L5/,
and L., for each of the several possible data rate con-
figurations, without knowing the clock frequency 1, Of the
device and without any assumption about the network data
rate.

Advantageously, the said mechamism uses an increment
loop of the length L -, ., 1tself included 1n an increment loop
of the length L ., 1tself included 1n an increment loop of the
scalar BRP. The increment loops for lengths L -, L »77¢; and
L. are such that the lengths L., L7, and L., are
incremented uniformly.

The invention also relates to a device designed to be
connected to a network, characterized in that it comprises
means for automatic detection of the network data rate and
for configuration to the detected data rate, these means
comprising;

initialisation means comprising:

means ol changing over from a normal mode to a
listening mode, in which the locking means of mes-
sages sent by the device to the network are activated,
the device continuing to receive messages from the
network;

means of iitialising the device with an initial data rate
configuration;

means of starting a first timeout;

iterative processing means comprising the following

means activated during each iteration:

the first means of detection that at least one data rate
adaptation condition is satisfied, the following means
being activated in case of positive detection by the
first detection means: means of interrupting the 1tera-
tive processing, means ol validating the current data
rate configuration and means of changing over from
listening mode to normal mode;

second means of detection that at least one data rate
non-adaptation condition 1s satisfied or that the first
timeout has expired without a data rate adaptation or
non-adaptation being satisfied, the following means
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being activated in the case of a positive detection by
the second detection means: means of reimitialising,
the first timeout and means of replacing the current
data rate configuration by a new data rate configu-
ration obtained by using a mechanism for obtaining
several possible data rate configurations without
knowing a clock frequency 1, of the device and
without any assumption about the network data rate.

Advantageously, the said at least one data rate non-
adaptation condition 1s when the device detects an error,
called a bit error, on at least one bit of a message received
by the device.

Advantageously, the said at least one data rate adaptation
condition 1s when the device acknowledges a received
message.

Preferably, the said mechanism can be used to obtain all
possible data rate configurations of the device one after the
other.

According to one advantageous characteristic, the 1nitiali-
sation means also include means of starting a second tim-
cout. Moreover, the iterative processing means also com-
prise third detection means activated during each iteration to
detect if the second timeout expires without a current data
rate configuration having been validated, means of inter-

rupting the method being activated 1f the third detection
means make a positive detection.

In one advantageous embodiment of the invention, the
network 1s a CAN bus and the device comprises a completed
CAN controller itself comprising the said means for auto-
matic detection of the network data rate and for configura-
tion to the detected data rate.

Each of the bits included 1n a message may for example
have a nominal time defined by the following parameters:

a scalar BRP, such that TQ=BRP/1,, where TQ 1s a time
quantum and 1, 1s the clock frequency of the device;

the length L ., . expressed as a number of time quanta TQ,
ol a propagation segment designed to compensate for
the physical delay on the CAN bus;

the lengths L., and L., expressed as a number of
time quanta TQ, of first and second phase segments
used to position a sampling point.

In this case, the said mechanism advantageously deter-
mines values for the scalar BRP and the lengths .., L 5/,
and L,;.,, Tor each of the several possible data rate con-
figurations, without knowing the clock frequency {, of the
device and without any assumption about the network data
rate.

Advantageously, the said mechanism uses an increment
loop of the length L -, .., 1tself included 1n an increment loop
of the length L . ., 1tself included 1n an increment loop of the
scalar BRP. The increment loops of lengths L, ~¢, L -7, and

L. are such that the lengths L <, L7, and Ly, are
incremented uniformly.

Advantageously, the means of changing over from normal
mode to listening mode comprise means of generating a
mode selection signal (Autobaud), equal to the value “0” or
“1” depending on whether the device 1s to operate in normal
mode or listening mode, respectively. Moreover, the com-
pleted CAN controller comprises a classical CAN controller
modified so that it itself includes the said means for auto-
matic detection of the network data rate and for configura-
tion to the detected data rate, apart from the said means of
locking the sent messages. Finally, the means of locking the
sent messages mclude means of performing the “OR” logi-
cal function between the mode selection signal and the send
signal of the classical CAN controller, the output signal from
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the means of performing the “OR” logical function being
used as the send signal of the completed CAN controller.
Advantageously, the completed CAN controller also
includes means of looping the output back onto the input of
the classical CAN controller, comprising:
means of performing the “AND” logical function between
the send signal of the classical CAN controller and the
reception signal of the completed CAN controller;

multiplexing means receiving the output signal from the
means of performing the “AND” logical function on a
first mput, and the reception signal of the completed
CAN controller on the second input, the output signal
from the multiplexing means including the reception
signal of the classical CAN controller, the multiplexing,
means being controlled by the mode selection signal
such that the first or second mnput 1s selected depending
on whether the mode selection signal 1s equal to the
value “1” or “0” respectively.

Other characteristics and advantages of the invention waill
become clearer after reading the following description of a
preferred embodiment of the mnvention given for illustrative
and non-limitative purposes, and the appended drawings,
wherein:

FIG. 1 shows a block diagram of a known system for
interconnection of several devices through a CAN bus,
system 1n which the method according to the invention for
automatic detection and configuration of the data rate can be
implemented;

FI1G. 2 illustrates the known structure of each bit included
in a message transported on a CAN bus;

FIG. 3 shows a functional block diagram of an example
embodiment of a device shown 1n FIG. 1 used to implement
the method according to the mvention;

FIG. 4 shows a particular embodiment of the electronic
adapter block shown 1n FIG. 3;

FIG. 5 shows a flowchart for a particular embodiment of
the method according to the invention.

Therefore, the invention relates to a method and a device
for automatic detection of a network data rate and for
configuration to the detected data rate.

In the remainder of the description, we will simply
consider the case in which the network 1s a CAN bus.
However, 1t 1s obvious that the invention 1s also applicable
to other types of network.

As already mentioned above and illustrated in the block
diagram 1 FIG. 1, a CAN bus 1 1s a serial bus used to
connect several devices 2,, 2,, . . ., 2, called “control
units”, each including a CAN controller.

We will now briefly describe some essential characteris-
tics of the CAN protocol, that 1s a serital communication
protocol used by a CAN bus. For further information about
this CAN protocol and the CAN bus, refer to the ISO
standard 11898, inserted here by reference.

The CAN protocol makes a distinction between four types
of CAN messages:

the data messages (Data Frame) in the standard format

(11-bit identifier) or extended format (29-bit identifier);
data request messages (Remote Frame);

error messages (Error Frame);

network timeout messages (Overload Frame).

A standard CAN message comprises:

a frame start field;

an arbitration field that 1s composed of an 1dentifier and a

“Data request” bit used to distinguish a data message
(Data Frame) from a request message (Remote Frame);

a check field that contains an “extended i1dentifier” (IDE)

bit and a number of data (DLC) indicating the number
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of data bytes that follow 1n the data field. In a request
message, the number DLC 1s the requested number of
data bytes;

a data field that can contain up to eight data bytes;

a check field (CRC) guaranteeing integrity of the mes-
sage;

an acknowledgement field (ACK) composed ol a marker
and an acknowledgement delimiter. The bit 1n the
acknowledgement marker 1s sent at a recessive level
and 1s compressed to a dominant level by receiver
devices that have recerved the data correctly at this
time;

an end of message field (EOF);

an inter-message field (IFS) that 1s a minimum number of
bits separating two consecutive messages.

The CAN protocol makes a distinction between five error

types that are not mutually exclusive:
a bit error when the bit 1tself 1s 1n error;
a stufl bit error;

an acknowledgement error (ACK error);
a check error (CRC error);

a structure error.

A device connected to the CAN bus that detects an error
condition 1s 1ntended to signal the error by sending an error
message. These special features mean that a device that 1s
connected to a CAN bus must have a correct data rate
configuration, otherwise 1t would endanger the CAN bus or
it could be excluded from this CAN bus.

We will now describe the known structure (CAN Bit
Timing) defined 1n the CAN protocol of each bit included 1n
a message transported on a CAN bus, with reference to FIG.
2.

The Nominal Time Bit (NTB) 1s defined by a structure
composed of four separate segments 21 to 24. Each of these
four segments 1s composed of an integer number of Time
Quanta (TQ). The length of this time quantum TQ 1s defined
started from the clock frequency 1, of the device and a scalar
BRP specific to the device, TQ=BRP/1, . The total number of
Time Quanta TQ 1n a bit must be between 8 and 25.

The first segment 1s a synchronization segment 21, the
length of which 1s fixed at one time quantum TQ.

The second segment 22 1s a propagation segment. Its
function 1s to compensate for the physical delay induced by
the CAN bus. Its length L ., can be programmed to between
one and eight time quanta TQ.

The third and fourth segments 23, 24 (phase segment 1
and phase segment 2) are phase segments used to position a
sampling point. Their lengths L., and L., are also
programmable.

We will now describe an example embodiment of a device
shown 1n FIG. 1 (or example the device reference 2,) using
the method according to the mmvention, with reference to
FIG. 3.

Normally, the device 2, comprises a classical CAN con-
troller (or micro controller) 31 and a CAN transceiver circuit
33. This transceiver circuit 33 1s specific to the physical layer
of the CAN protocol and 1s designed to form an interface
between the classical CAN controller 31 (that works at the
logical level) and the CAN bus 1 (that works at the physical
level). The classical CAN controller 31 emits a signal 35
(heremaiter called the send signal TxDC') and receives
another signal 36 (called the reception signal RxDC").

According to this invention, the classical CAN controller
31 1s modified 1n that:

it executes an automatic data rate detection and configu-

ration algorithm (method according to the mvention
described in detail below with reference to FIG. 35);
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it generates a mode selection signal 37 (Autobaud).

The device 2, 1s also modified 1n that 1t also comprises an
clectronic adapter block 32, interfacing between the classi-
cal CAN controller 31 and the CAN transceiver circuit 33.
The classical CAN controller 31 and the electronic adapter
block 32 together form a completed CAN controller 44,
specific to this mnvention. Thus, the electronic adapter block
32:

firstly, receives the send signal TxDC' and the mode
selection signal 37 (Autobaud) sent by the classical
CAN controller 3, and sends the reception signal
RxDC' received by the classical CAN controller 3;

secondly, sends the send signal TxDC from the completed
CAN controller 4, and receives the reception signal
RxDC' from the completed CAN controller 4.

The electronic adapter block 32 1s controlled by the mode
selection signal 37 (Autobaud) such that during execution of
the algorithm mentioned above, the device 2, swaps over
from one of the following modes to the other:

a normal mode 1n which the classical CAN controller 31

can send or receive messages on or from the CAN bus;

a listening mode 1n which the classical CAN controller 31

can recerve messages from the CAN bus but cannot
send messages on this CAN bus, and 1n which the
classical CAN controller 31 can receive any messages
that 1t sends to the CAN bus (and as mentioned above,
are locked belore they reach the bus).

We will now describe a particular embodiment of the
clectronic adapter block 32 appearing in FIG. 3, with
reference to FIG. 4.

It includes locking means for messages sent by the
classical CAN controller 31 and means of looping the output
onto the mput of the classical CAN controller 31.

The mode selection signal 37 (Autobaud) will be equal to
“0” 11 the device 2, 1s required to operate 1n normal mode,
or “1” for operation in listening mode.

The means of locking sent messages include an OR gate
41 performing the logical “OR” function between the mode
selection signal 37 (Autobaud) and the send signal (TxDC")
from the classical CAN controller 31. The output signal
from the OR gate 41 forms the send signal (TxDC) of the
completed CAN controller 34.

Thus, when the mode selection signal 37 (Autobaud) 1s
equal to “0” (normal mode), the send signal (TxDC") of the
classical CAN controller 31 1s coincident with the send

signal (ITxDC) of the completed CAN controller 34, and
therefore the device 2, can send messages on the CAN bus.

On the other hand, when the mode selection signal 37
(Autobaud) 1s equal to “1”” (listening mode), the send signal
(TxDC) from the completed CAN controller 34 1s still equal
to “1” which corresponds to a rest state of the device (since
“1” 1s the recessive state of the CAN bus) and therefore no
message 1s sent by the device 2, on the CAN bus.

The means of looping the output onto the mput of the
classical CAN controller 31 comprise:

an AND gate 42 performing the “AND” logical function
between the send signal (TxDC') of the classical CAN
controller 31 and the reception signal (TxDC) of the
completed CAN controller 34;

a multiplexer 43 receirving the output signal from the
AND gate 42 on a first imnput and the reception signal
(RxDC) of the completed CAN controller 34 on a
second mput. The multiplexer output signal forms the
reception signal (RxDC") of the classical CAN control-
ler 31. The multiplexer 1s controlled by the mode
selection signal 37 (Autobaud) such that the first input
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1s selected if the mode selection signal 1s equal to “17,
and the second 1nput 1s selected if the mode selection
signal 1s equal to “0”.

Thus, when the mode selection signal 37 (Autobaud) 1s
equal to the value “0” (normal mode), the reception signal
(RxDC") of the classical CAN controller 31 1s coincident
with the reception signal (RxDC) of the completed CAN
controller 34, and therefore the device 2, only receives
messages from the CAN bus.

On the other hand, when the mode selection signal 37

(Autobaud) 1s equal to “1” (listening mode), the reception
signal (RxDC') of the classical CAN controller 31 1s a

combination (AND function) of the send signal (TxDC') of
the classical CAN controller 31 and the reception signal
(RxDC) of the completed CAN controller 34. Since “1” 1s
the recessive state of the CAN bus, this means that messages
from the CAN bus and messages (particularly error mes-
sages or acknowledgement messages) sent by the classical
CAN controller 31 can be received.

We will now present a particular embodiment of the
method according to the mvention for automatic data rate
detection and configuration, with reference to the tflowchart

in FIG. 5.

A distinction 1s made between an initialisation phase 51
and an 1terative processing phase 52.

Each data rate configuration 1s defined by values assigned
to the following parameters (see description of FIG. 2
above):

the scalar BRP (denoted “prescaler” in FIG. §);

the length L .. of the propagation segment 22 (denoted
“L propagation segment” 1 FIG. §) expressed 1n time
quanta 1Q;

the lengths L ,,,, and L ,,,., of the first and second phase
segments 23, 24 (denoted “L phase segment 1 and “LL
phase segment 27 respectively i FIG. 5) also
expressed 1n time quanta TQ).

The mitialisation phase 51 consists of:

placing the device 1n listening mode, by setting the value
of the mode selection signal (Autobaud) to “1” (see
discussion above);

imitialising the device with an 1nitial data rate configura-
tion corresponding to a minimum data rate value. For
example, this may be done by setting the initial value
of the scalar BRP (*“prescaler”) to “17, the length L ..
(“L propagation segment”) to “3”, and the lengths
L and L., (“L phase segment 17 and “L phase

PHS1
segment 27) to “27;

starting (1n other words cancelling) a first timeout (de-
noted “CAN timeout” 1in FIG. 5);

starting a second timeout (denoted “Autobaud timeout” in
FIG. §).

For example, the first and second timeouts can be man-
aged by counters specific to the completed CAN controller
34.

The first timeout (“CAN timeout™) 1s used to change the
data rate configuration if the classical CAN controller 31 has
sent neither a bit error message nor an acknowledgement
message of a received message (and therefore has not
received them since 1ts mnput 1s looped onto 1ts output).

The second timeout (Autobaud timeout) 1s used to stop
execution of the procedure on a failure 1 no data rate
configuration has been validated after a second predeter-
mined time. This prevents an endless loop.

We will now describe details of the steps carried out 1n
cach iteration of the iterative processing phase 52.
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During the step reference 53, it 1s detected whether or not
the second timeout (Autobaud timeout) has elapsed. If 1t has,
the procedure 1s stopped on a failure (autobaud KO) during
the step reference 54.

Otherwise, step reference 35 1s executed during which 1t
1s detected whether or not the classical CAN controller 31
has sent a bit error message. If 1t has not, 1t 1s detected 11 the
second timeout (CAN timeout) has elapsed during the step
reference 56.

If the first ttmeout (CAN timeout) has not elapsed, the
step reference 37 1s carried out during which 1t 1s detected 11
the classical CAN controller 31 has sent an acknowledge-
ment message for a previously received message. If 1t has,
then the procedure 1s stopped with a success result (Auto-
baud OK) during step reference 58, by validating the current
data rate configuration and putting the device in normal
mode. If the classical CAN controller 31 has not sent an
acknowledgement message, the procedure returns to the step
reference 53 (new 1teration).

If the classical CAN controller 31 has sent a bit error
message or 11 the first timeout (CAN timeout) has elapsed,
then the next step reference 39 1s carried out during which
the first timeout (CAN timeout) 1s remnitialised. Then, during,
the step reference 3510, 1t 1s detected 1f the scalar BRP
(prescaler) 1s less than a predetermined maximum scalar
(max prescaler). If 1t 1s not, step reference 511 1s carried out
during which it 1s detected 11 the current length of the second
phase segment (L phase segment 2) 1s less than the current
length of the propagation segment (L. propagation segment).
I1 the response to step reference 511 1s negative, the current
length 1n the second phase segment 1s incremented during
step reference 512 and step reference 53 1s started again
(new iteration). If the response to step reference 511 1s
positive, step reference 513 1s executed during which it 1s
detected 1f the current length of the first phase segment (L
phase segment 1) 1s less than the current length of the
propagation segment (L. propagation segment). If the
response to step reference 513 1s negative, the current length
of the first phase segment 1s increased during step reference
514 and step reference 33 1s repeated (new iteration). If the
response to step reference 513 1s positive, the next step 515
1s executed during which 1t 1s detected i1t the current length
of the propagation segment (L propagation segment) 1s less
than eight (maximum value of this length). If the response
to step reference 515 i1s positive, step reference 516 1s
executed during which the current length of the propagation
segment 1s 1ncreased, and step reference 33 1s then repeated
(new 1teration). If the response to step reference 5135 1s
negative, then step reference 517 1s executed during which
the value of the scalar BRP (prescaler) 1s incremented and
the lengths of the first and second phase segments (“L phase
segment 1”7 and “L phase segment 27) and the length of the
propagation segment (L. propagation segment) are reset to
their mitial values (%27, “2” and “3” respectively), and then
step reference 53 1s repeated (new iteration).

IT 1t 1s detected that the scalar BRP (prescaler) 1s not less
than the maximum scalar (max prescaler) in step reference
510, step reference 518 1s executed 1n which all parameters
(scalar BRP (prescaler), first and second phase segment
lengths (“LL phase segment 1" and “LL phase segment 2”’) and
the length of the propagation segment (L propagation seg-
ment) are reset to their mitial values, and step reference 353
1s then repeated (new 1teration).

It will be noted that the loops to increment the length of
the propagation segment and the lengths of the first and
second phase segments are such that these three lengths are
incremented homogeneously.
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The method according to the invention for automatic
detection and configuration of data rate can be carried by
software or hardware.

The mvention claimed 1s:

1. A method for automatic detection of a network data rate
and for configuration at the detected data rate by a device
connected to the network, the method comprising:

operating the device 1 an nitialization phase, the 1nitial-

1zation phase comprising:

putting the device 1nto a listening mode, in which the
device receives messages from the network but does
not send messages on the network;

iitializing the device with an 1nitial data rate configu-
ration; and

starting a first timeout; and

operating the device 1n an iterative processing phase after

the mitialization phase, the iterative processing phase

comprising the following steps for each iteration:

if at least one data rate adaptation condition 1s satisfied,
interrupting the iterative processing phase, validat-
ing the current data rate configuration and putting the
device into a normal mode; and

if at least one data rate non-adaptation condition 1is
satisiied or 1t the first timeout elapses without a data
rate adaptation condition or a data rate non-adapta-
tion condition being satisfied, restarting the first
timeout and replacing the current data rate configu-
ration by a new data rate configuration obtained by
using a mechanism for obtaining several possible
data rate configurations without knowledge of a
clock frequency 1, of the device and without any
assumption about the network data rate.

2. The method according to claim 1, wherein said at least
one data rate non-adaptation condition 1s detection by the
device of an error called a bit error on at least one bit of a
message received by the device.

3. The method according to claim 1, wherein said at least
one data rate adaptation condition 1s acknowledgement of a
received message by the device.

4. The method according to claim 1, wherein said mecha-
nism 1s used to obtain all possible data rate configurations of
the device one after the other.

5. The method according to claim 1, wherein the 1nitial-
ization phase further comprises starting a second timeout,
and wherein the 1terative processing phase further comprises
interrupting each iteration 1f the second timeout expires
without a current data rate configuration being validated.

6. The method according to claim 1, wherein the network
1s a CAN bus and the device comprises a completed CAN
controller that 1s an extension of a classical CAN controller
so that the method for automatic detection of the network
data rate and for configuration to the detected data rate 1s
implemented.

7. The method according to claam 6, wherein a first
message of the messages includes bits, and wherein each of
the bits included 1n the first message has a nominal time,
defined by the following parameters:

a scalar BRP, such that TQ=BRP/1,, where TQ 1s a time

quantum and 1, 1s the clock frequency of the device;
the length L,,. of a propagation segment designed to

compensate for the physical delay on the CAN bus,

expressed as a number of time quanta TQ; and

the lengths L,,,., and L,,,., expressed as a number of

time quanta TQ, of first and second phase segments
used to position a sampling point; wherein said mecha-
nism advantageously determines values for the scalar
BRP and the lengths L5, L,ze; and L., for each
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of the several possible data rate configurations, without
knowing the clock frequency 1, of the device and
without any assumption about the network data rate.

8. The method according to claim 7, wherein said mecha-
nism uses a first increment loop of length L ,,,,, the first
increment loop included 1 a second increment loop of
length L .,,.,, the second increment loop included 1n a third
increment loop of length L., the third increment loop
included 1 a fourth increment loop of scalar BRP, and
wherein the first, second, and third increment loops for
lengths L,,c, L,zye; and L., are such that the lengths
Lope, Lrze; and Lo, are incremented uniformly.

9. A device designed to be connected to a network,
wherein the device comprises means for automatic detection
ol the network data rate and for configuration to the detected
data rate, the means for automatic detection comprising;:

initialization means comprising;:

means ol changing over from a normal mode to a
listening mode, 1n which a locking means for block-
ing messages sent by the device to the network 1s
activated, and in which the device continues to
recerve messages from the network;

means of mitializing the device with an initial data rate
configuration; and

means of starting a first timeout; and

iterative processing means comprising:

first means of detection, for detecting that at least one
data rate adaptation condition 1s satisfied, and if
satisfied, for activating: means of interrupting the
iterative processing, means of validating a current
data rate configuration and means of changing over
from listening mode to normal mode; and

second means of detection, for detecting that at least
one data rate non-adaptation condition is satisfied or
that the first timeout has expired without a data rate
adaptation or non-adaptation condition having been
satisfied, and if satisfied, for activating: means of
reinitializing the first timeout and means of replacing
the current data rate configuration by a new data rate
configuration obtained by using a mechanmism for
obtaining several possible data rate configurations
without knowing a clock frequency t, of the device
and without any assumption about the network data
rate, wherein the first means and the second means
are activated during each 1teration.

10. The device according to claim 9, wherein said at least
one data rate non-adaptation condition 1s when the device
detects an error, called a bit error, on at least one bit of a
message received by the device.

11. The device according to claim 9, wherein said at least
one data rate adaptation condition i1s when the device
acknowledges a recerved message.

12. The device according to claim 9, wherein said mecha-
nism can be used to obtain all possible data rate configura-
tions of the device one after the other.

13. The device according to claim 9, wherein the 1nitial-
ization means also include means of starting a second
timeout, and wherein the iterative processing means also
comprises third detection means activated during each itera-
tion to detect 1f the second timeout expires without the
current data rate configuration having been validated, and 1f
so, means of iterrupting the method being activated.

14. The device according to claim 9, wherein the network
1s a CAN bus and the device comprises a completed CAN
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controller, the completed CAN controller comprising said
means for automatic detection of the network data rate and

for configuration to the detected data rate.

15. The device according to claim 14, wherein a message
comprises bits, each of the bits comprising a nominal time
defined by the following parameters:

a scalar BRP, such that TQ=BRP/1,, where TQ 1s a time
quantum and 1, 1s the clock frequency of the device;

the length L ., . expressed as a number of time quanta TQ,
of a propagation segment designed to compensate for
the physical delay on the CAN bus; and

the lengths L., and L., expressed as a number of
time quanta TQ, of first and second phase segments
used to position a sampling point; wherein said mecha-
nism advantageously determines values for the scalar
BRP and the lengths L5, L,e; and L., for each
of the several possible data rate configurations, without
knowing the clock frequency 1, of the device and
without any assumption about the network data rate.

16. The device according to claim 15, wherein said
mechanism uses a {irst increment loop of length L., the
first increment loop included 1n a second increment loop of
length L ,,,.,, the second increment loop included 1n a third
increment loop of length L ,,., the third increment loop
included in a fourth increment loop of scalar BRP, and
wherein the first, second, and third increment loops for
lengths L,,., L,7e; and L., are such that the lengths
Lope, Lo, and Lo, are incremented uniformly.

17. The device according to claim 14, wherein the means
of changing over from normal mode to listening mode
comprises means ol generating a mode selection signal,
equal to the value “0” or “1” depending on whether the
device 1s to operate 1 normal mode or listening mode,
respectively, and wherein the completed CAN controller
comprises a classical CAN controller modified so that the
classical CAN controller includes said means for automatic
detection of the network data rate and for configuration to
the detected data rate, apart from said means of blocking the
sent messages, and wherein the means of blocking the sent
messages include means of performing the “OR” logical
function between the mode selection signal and the send
signal of the classical CAN controller, the output signal from
the means of performing the “OR” logical function being
used as the send signal of the completed CAN controller.

18. The device according to claim 17, wherein the com-
pleted CAN controller also includes means of looping the
output back onto the mput of the classical CAN controller,
comprising;

means of performing the “AND” logical function between

the send signal of the classical CAN controller and the
reception signal of the completed CAN controller; and

multiplexing means receiving the output signal from the
means of performing the “AND” logical function on a
first input, and the reception signal from the completed
CAN controller on the second input, the output signal
from the multiplexing means including the reception
signal of the classical CAN controller, the multiplexing,
means being controlled by the mode selection signal
such that the first or second input 1s selected depending
on whether the mode selection signal 1s equal to the
value “1” or “0” respectively.
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